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SPECIFICATION 



1. Title of the Invention 

5 -Aminolevulinic Acid Alkyl Ester or Salt, Method of 
Manufacturing the Ester or Salt, and Herbicide whose 
Active Ingredient is the Ester or Salt 

2 . Claims 

(1) A 5 -aminolevulinic acid alkyl ester expressed by 
General Formula (I) 

R l OCCH 2 CH a CCH a NH 2 
N II 
D 0 

(i) 

(where R 1 is an alkyl group with two or more carbon atoms) , 
or a salt thereof . 

(2) A method for manufacturing the 5 -aminolevulinic acid 
alkyl ester or salt described in claim 1, wherein a 5- 
aminolevulinic acid or reactive derivative of the acid 
expressed by General Formula (II) 

R^NHCHaCCHaCHaCDDH 

II 
0 

(id 

(where R 2 is a hydrogen atom or a protective group for an 
amino group) is reacted with an alcohol expressed by General 
Formula (III) 

R 1 OH 

(in) 

(where R 1 is an alkyl group with two or more carbon atoms) , 
and the protective group for the amino acid is removed if 
present . 
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(3) A herbicide whose active ingredient is the 5- 
aminolevulinic acid alkyl ester or salt described in claim 1. 

3. Detailed Explanation of the Invention 

[Field of Use in the Industry] 

The present invention relates to a 5 -aminolevulinic 
acid alkyl ester or salt, a method of manufacturing the 
ester or salt, and a herbicide whose active ingredient is 
the ester or salt. 

[Prior Art and Problems Invention Attempts to Solve] 

5 -aminolevulinic acid, which is a natural amino acid, 
has low toxicity, and its use as a biodegradable, light- 
dependent herbicide has been disclosed. That is, 5- 
aminolevulinic acid is a tetrapyrrole precursor, and because 
the production of tetrapyrroles is promoted when 5- 
aminolevulinic acid is sprayed on plants, active oxygen is 
produced by catalytic action of these tetrapyrroles 

Unexamined Patent H4-9360(2) 

in the presence of light, and it causes the leafy parts, and 
the like, of the plants to wither. 

Also, in general, it is considered necessary that 
herbicides committed to practical use adhere to the plants 
when sprayed and cause the plants themselves to die . 
However, very highly hydrophilic compounds such as 5- 
aminolevulinic acid have a problem that because they have 
poor adhesion to plants and most of it falls into the soil 
when sprinkled, they cannot contribute much to the 
generation of tetrapyrroles, and as a result, the herbicidal 
activity is low, in that regeneration of the leafy parts is 
seen even after the leafy parts of the plants have whitened 
and withered, and so on, and they are not satisfactory for 
practical use. Also, because the herbicidal activity is 
limited only to the area around the points of application, 
non-uniformity of dispersion also becomes a reason why there 
is immediate regeneration. 

Accordingly, the purpose of the present invention is a 
novel compound having practical herbicidal activity while 
having safety, biodegradability and selectivity, as well as 
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a method of manufacturing thereof, and a herbicide using 
this compound. 

[Means for Solving the Problems] 

Given such circumstances, as a result of having 
conducted extensive research, the present inventor 
discovered that 5 -aminolevulinic acid alkyl esters or salts 
thereof have novel herbicidal activity and excellent 
spreadability on plants, which are not seen in 5- 
aminolevulinic acid, and it led to the completion of the 
present invention. 

That is, the present invention provides a 5- 
aminolevulinic acid alkyl ester or salt represented by the 
general formula (1) 

<f ormula> 

(where R 1 is an alkyl group with 2 or more carbon atoms) , a 
method of manufacturing the ester or salt, and a herbicide 
whose active ingredient is the ester or salt. 

In the 5 -aminolevulinic acid alkyl ester of the present 
invention, R 1 is an alkyl group with 2 or more carbon atoms, 
but when used as a herbicide, an alkyl group with 4-24 
carbon atoms, and particularly an alkyl group with 4-16 
carbon atoms is preferable from the aspect of herbicidal 
activity. Concretely speaking, straight -chain alkyl groups 
such as ethyl group, propyl group, n-butyl group, pentyl 
group, hexyl group, heptyl group, octyl group, nonyl group, 
decyl group, undecyl group, dodecyl group, lauryl group, 
palmityl group, and stearyl group; and branched- chain alkyl 
groups such as isopropyl group, isobutyl group, sec-butyl 
group, tert -butyl group, isopentyl group, neopentyl group, 
2-ethylhexyl group, and 2-octyldecyl group can be mentioned. 

Also, as salts thereof, there are inorganic salts such 
as with hydrochloric acid, sulfuric acid, nitric acid, and 
nitrous acid; and organic salts such as with acetic acid, 
lactic acid, citric acid, and oxalic acid. 

The 5 -aminolevulinic acid alkyl ester or salt thereof 
can be obtained by common methods of synthesis of amino acid 
esters, for example, it can be manufactured according to the 
reaction formula noted below. 
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<f ormula> 



(where R 1 has the same meaning as the aforementioned and R 2 
is an oxygen atom or a protective group for an amino group) . 

That is, a 5 -aminolevulinic acid (II) in which the 
amino group may be protected or a reactive derivative 
thereof is reacted with alcohol (III) , and the protective 
group for the amino group is removed when it is present, 
whereby a 5 -aminolevulinic acid alkyl ester or salt thereof 
(I) is manufactured. 

As reactive derivatives of 5 -aminolevulinic acid in 
which the amino group may be protected, acid halides, mixed 
acid anhydrides, and the like, can be mentioned. As such 
reactive derivatives, those isolated as raw materials also 
may be used, but they also can be used as reaction mixtures 
without being isolated. 

The reaction when using unprotected 5-aminolevulinic 
acid as raw material is first to drip a condensing agent, 
for example thionyl chloride, into the alcohol (III) at 0- 
20 °C and atmospheric pressure, and next to add the 5- 
aminolevulinic acid. 

Here, thionyl chloride is for making the 5- 
aminolevulinic acid as an acid chloride, and for this 
purpose, phosphorus trichloride, and the like, also can be 
used instead of thionyl chloride, but because these easily 
react with the alcohol (III) and the amino group of the 5- 
aminolevulinic acid and lose activity, reacting with a 5- 
aminolevulinic acid derivative 

Unexamined Patent H4-9360(3) 

having protected amino group to synthesize an acid chloride 
and then reacting with the alcohol (III) is preferable. 

As raw material, 5-aminolevulinic acid in itself can be 
used, but there is a possibility that a polycondensation 
reaction within the raw material may take precedence over 
esterif ication, and in order to prevent this, it is 
necessary to keep the concentration of the raw material at 
low concentration, and therefore it is more effective to use 
a salt such as 5-aminolevulinic acid hydrochlorate . Also, 
here, because there is a possibility that the alcohol (III) 
as raw material may harden at a reaction temperature of 
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about 0°C or lower, and there is a possibility that the 
thionyl chloride, or the like, may break down and evaporate 
at about 20 °C or higher, it is preferable to maintain the 
above-mentioned temperature range. Also, as concrete 
examples of alcohols (III) which can be used, straight-chain 
alkyl alcohols such as 1-butanol, 1-pentanol, 1-hexanol, 1- 
heptanol, 1-octanol, 1-nonanol, 1-decanol, 1-undecanol, 1- 
dodecanol, tridecanol, tetradecanol , pentadecanol , and 
hexadecanol to begin with, and branched alkyl alcohols, 
which are isomers of these, such as 2-butanol, 2-methyl-l- 
propanol, 2-methyl-2-propanol , and 2 , 2- dimethyl -1-propanol, 
can be used. 

Next, a means such as nitrogen seal is applied in order 
to make it such that both the reaction system and the raw 
material do not have water content, the temperature is 
gradually raised to about 60-90°C, preferably about 70-80°C, 
it is maintained for about 1-3 hours in this temperature 
range, and the reaction is concluded. Here, because it 
takes time for conclusion of the reaction when the reaction 
temperature is about 70 °C or lower, and also there is a 
possibility that the reaction system may become discolored 
at about 90 °C or higher, it is preferable to maintain the 
above-mentioned temperature range. 

After the end of the reaction, sulfur dioxide and 
hydrogen chloride which are byproducts of the reaction and 
unreacted thionyl chloride, and the like, are distilled off 
under reduced pressure of about 10-3 0mmHg. Next, it is 
crystallized by adding a solvent with a lower polarity than 
alcohol, for example a solvent such as ether, hexane or 
chloroform, and it is filtered out, whereby a salt of 5- 
aminolevulinic acid alkyl ester of the present invention can 
be obtained. 

Furthermore, by subjecting this to ion exchange using a 
negative ion exchange resin, or the like, it can be made as 
a 5 -aminolevulinic acid alkyl ester or salt thereof of the 
present invention. 

The above method is a good method in the point that the 
reaction processes are few, but when an alkyl group having 
about 10 or more carbon atoms or a tertiary alkyl group such 
as tert -butyl group is introduced as an ester, the 
reactivity of the alcohol may be low and the reaction may 
not proceed smoothly, and in such case, a method in which 
first the amino group of the 5 -aminolevulinic acid or salt 
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thereof is protected using a suitable protective group and 
esterif ication is performed and then the protective group is 
removed is preferable in that the yield is higher. 

As the protective group (R 2 ) for the amino group in 
this method, a protective group for an amino group which is 
used in ordinary peptide synthesis is used, for example, a 
carbonyl compound such as acetyl, benzoyl, tert- 
butoxycarbonyl , or benzyloxycarbonyl can be used, and in 
particular benzyloxycarbonyl group is preferable in that it 
is easy to remove. 

In synthesizing a 5 -aminolevulinic acid as raw material 
in which the amino group is protected, for example, it is 
preferable that 5 -aminolevulinic acid or salt thereof be 
made into an aqueous solution together with a weak alkali 
such as sodium hydrogen carbonate or calcium hydrogen 
carbonate, and an ether solution of active carbonyl compound 
such as benzyloxycarbonyl chloride be added and reacted 
under stirring at room temperature. 

Here, the solvent may be any one as long as it is 
insoluble in water and does not react with the carbonyl 
compound such as benzyloxycarbonyl chloride, and an addition 
to ether, n-hexane, benzene, and the like, also can be used. 

After the end of the reaction, the ether layer is 
removed and the aqueous layer is rinsed with ether, or the 
like, then it is made acidic to about pH 13 using about 1-6N 
hydrochloric acid, and the reaction product is extracted 
using ethyl acetate, chloroform, dichloromethane , or the 
like. The extracted organic layer is dried using anhydrous 
sodium sulfate, anhydrous magnesium sulfate, or the like, 
and then the solvent is evaporated under reduced pressure, 
whereby a 5 -aminolevulinic acid with protected amino group 
having sufficient purity for the esterif ication reaction 
below, for example, 5 -benzyloxycarboxamidolevulinic acid, is 
obtained. 

Unexamined Patent H4-9360(4) 

The obtained 5 -aminolevulinic acid with protected amino 
group, for example 5 -benzyloxycarboxamidolevulinic acid, is 
subjected to thermal reflux together with the alcohol (III) 
which is the raw ester material and a nonvolatile acid 
catalyst such as phosphoric acid or sulfuric acid in a 
solvent having the property of azeotropy with water, such as 
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benzene, toluene or carbon tetrachloride, and the generated 
water is separated using a Dean-Stark apparatus or molecular 
sieve, whereby it can be directed easily to an ester. 

The minute quantity of acid catalyst used in the 
reaction is removed by rinsing the reaction solution, and 
drying in the same manner as described previously is 
performed, then this is hardened by evaporation under 
reduced pressure, whereby an ester of 5 -aminolevulinic acid 
with protected amino group, for example 5- 

benzyloxycarboxamidolevulinic acid alkyl ester, is obtained. 
Also, the product can be purified by performing 
recrystallization using n-hexane, isooctane, or the like. 

Removal of the protective group from the 5- 
benzyloxycarboxamidolevulinic acid alkyl ester can be 
achieved using an ordinary hydrogenation decomposition 
reaction, for example, by making present a minute quantity 
of catalyst with palladium supported on carbon and reacting 
in a solvent such as methanol, ethanol, propanol or ethyl 
acetate at room temperature in a hydrogen atmosphere at 1 
atm or in a hydrogen flow. 

The reaction product is filtered to remove the catalyst 
and then is hardened by evaporation, whereby the intended 5- 
aminolevulinic acid alkyl ester is obtained. Also, if the 
reaction is performed in the presence of an acid such as 
hydrogen chloride, or an acid is added after reaction and it 
is hardened by evaporation, the product is obtained as a 
salt such as 5 -aminolevulinic acid alkyl ester hydrochlorate . 

Because the 5 -aminolevulinic acid alkyl esters and 
salts thereof of the present invention have excellent 
spreadability when made into aqueous solutions, they have 
the characteristic of spreading thinly and uniformly on 
surfaces when sprayed on the surfaces of plants. This is 
presumed to be because the 5-aminolevulinic acid alkyl 
esters and salts thereof of the present invention indicate 
surfactant action since they have an amino group which is a 
hydrophilic part and an alkyl group which is a hydrophobic 
part on both ends of the molecule . 

In the past, when compounds showing high water 
solubility and deficient adhesion to plants such as amino 
acids including 5-aminolevulinic acid were used as 
herbicides, adhesion to plants was accomplished secondarily 
by adding a spreading agent such as an aliphatic quaternary 
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ammonium salt or polyoxyethylene alkyl ether or 
polyoxyethylene alkylphenyl ether, but because the 5- 
aminolevulinic acid alkyl esters and salts thereof of the 
present invention themselves have the property of directly 
adhering to the surfaces of plants, they are more efficient 
in that a spreading agent is not particularly necessary. 

Furthermore, the 5 -aminolevulinic acid alkyl esters and 
salts thereof of the present invention are vastly superior 
to 5 -aminolevulinic acid in the aspect of herbicidal 
activity as well. That is, although the herbicidal effect 
of 5-aminolevulinic acid causes death of plants secondarily 
by whitening and withering that is limited to the sprayed 
surfaces, the 5-aminolevulinic acid alkyl esters and salts 
thereof of the present invention cause withering also on the 
buds, and the like, which were not sprayed, in addition to 
the sprayed surfaces, and therefore they have the effect of 
preventing regeneration even when there actually is non- 
uniformity of dispersion. This is conjectured to be because 
the 5-aminolevulinc acid alkyl esters and salts thereof 
efficiently adhere to the surfaces of the sprinkled parts, 
and therefore they are absorbed at the adhered parts and 
move within the plants. 

When the 5-aminolevulinic acid alkyl esters and salts 
thereof of the present invention are used as herbicides, it 
is preferable that the preparation be used as a dispersant 
in the form of a solution, suspension or emulsion. As the 
solvent at this time, for example, water; lower alcohols 
such as methanol, isopropanol, and isobutanol; ethylene or 
propylene glycol, acetone, xylene, kerosene, benzene, methyl 
naphthalene, and cyclohexane can be mentioned. Good effects 
are obtained when the content of the 5-aminolevulinic acid 
alkyl ester or salt thereof in that dispersant is made about 
5-30mmol/l, and particularly 15-25mmol/l. 

Moreover, the herbicide of the present invention can be 
made into forms of wettable powders by mixing the 5- 
aminolevulinic acid alkyl ester or salt thereof with bulking 
agents such as talc, diatomaceous earth, silica, and calcium 
nitrate having various granularities, and these can be 
suspended in water and sprayed during use . 

Unexamined Patent H4-9360(5) 

The sprayed quantity of herbicide of the present 
invention is preferably about 30-50ml per square meter. 
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In the herbicide of the present invention, it is also 
possible to combine other herbicides, surfactants, and 
spreading agents within ranges that do not hinder the effect 
of the present invention. 

[Effect of the Invention] 

The novel 5 -aminolevulinic acid alkyl esters and salts 
thereof of the present invention have good spreadability on 
plants, and at the same time, they have very high herbicidal 
activity in that the herbicidal activity is not limited only 
to the areas around the points of adhesion, but causes death 
also to the buds, and the like, which are beyond the points 
of adhesion. 

Also, because they also are endowed with the 
biodegradability and selectivity of the 5-aminolevulinic 
acid of the past, and the secondary products caused by 
hydrolysis of the ester bonds of the compounds of the 
present invention are only 5-aminolevulinic acid and 
alcohols, they are not inferior to 5-aminolevulinic acid 
even in the aspect of safety. Furthermore, since the 
compounds of the present invention can be manufactured by 
easy means, and they can be introduced efficiently as esters 
even with alkyl groups having about 10 or more carbon atoms, 
they can be manufactured industrially advantageously. 

[Working Examples] 

Next, the present invention is explained concretely 
with working examples, but the present invention is not 
limited by these working examples. 

Working Example 1 

0.5ml of thionyl chloride was dripped into 3ml of 1- 
octanol under ice cooling, and next 500mg of 5- 
aminolevulinic acid hydrochlorate was added. While stirring, 
the reaction temperature was raised from room temperature to 
8 0 °C, and it was held for about 2 hours. After confirming 
the conclusion of the reaction, it was left to cool to room 
temperature, and next the volatile ingredient was distilled 
off under reduced pressure of lOmmHg. After that, hexane 
was added to crystallize and precipitate the product, and 
next it was filtered, rinsed, and dried, as a result of 
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which, 826g of 5 -aminolevulinic acid octyl ester 
hydrochlorate was obtained, and the yield was 99%. 

It was confirmed from X H-NMR and infrared absorption 
spectroscopy (Nujol method) that the obtained product has 
the structural formula noted below. The measurement values 
and structural formula are shown below. 

X H-NMR (90MHz, CDC1 3 ) 5 (ppm) : 

<data> 

Infrared Absorption Spectra (Nujol, cm" 1 ) 
<data> 

Structural Formula 
<f ormula> 
Working Example 2 

(1) Other than using 1-hexanol instead of 1-octanol for 
raw material, it was performed in the same manner as in 
Working Example 1, as a result of which, 662mg of 5- 
aminolevulinic acid hexyl ester hydrochlorate was obtained, 
and the yield was 88%. 

It was confirmed from the results of X H-NMR and 
infrared absorption spectroscopy (Nujol method) that the 
obtained product has the structural formula noted below. 

1 H-NMR (90MHz, CDC1 3 ) 5 (ppm) : 

<data> 

Infrared Absorption Spectra (Nujol, cm" 1 ) 
<data> 

Structural Formula 
<f ormula> 

(2) Next, the 5 -aminolevulinic acid alkyl ester 
hydrochlorate obtained in (1) was subjected to ion exchange, 
whereby 
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a 5 -aminolevulinic acid alkyl ester was obtained. 

That is, a negative ion exchange resin was packed to a 
height of about 20cm in a glass column having 10mm inner 
diameter, IN sodium hydroxide aqueous solution was poured to 
about 100ml, and it was made completely as OH type. Next, 
after completely purging the sodium hydroxide with ion 
exchange water, 400mg of 5 -aminolevulinic acid hexyl ester 
hydrochlorate dissolved in about 10ml of ion exchange water 
was put into the upper part of the column, and it was made 
to pass through the column over about 10 minutes while 
adding ion exchange water. The 5-aminolevulinic acid hexyl 
ester hydrochlorate was ion exchanged during passage through 
the column, and an aqueous solution of 5-aminolevulinic acid 
hexyl ester was obtained. Next, this was condensed and 
hardened under reduced pressure, and 339mg of 5- 
aminolevulinic acid hexyl ester was obtained. 

Working Example 3 

Other than using 1-heptanol instead of 1-octanol for 
raw material, it was performed in the same manner as in 
Working Example 1, as a result of which, 685mg of 5- 
aminolevulinic acid heptyl ester hydrochlorate was obtained, 
and the yield was 83%. 

It was confirmed from the results of 1 H-NMR and 
infrared absorption spectroscopy (Nujol method) that the 
obtained product has the structural formula noted below. 

■"■H-NMR (90MHz, CDCl 3 ) 5 (ppm) : 

<data> 

Infrared Absorption Spectra (Nujol, cm" 1 ) 
<data> 

Structural Formula 
<f ormula> 
Working Example 4 
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Other than using 1-nonanol instead of 1-octanol for raw 
material, it was performed in the same manner as in Working 
Example 1, as a result of which, 647mg of 5-aminolevulinic 
acid nonyl ester hydrochlorate was obtained, and the yield 
was 74%. 

It was confirmed from the results of 1 H-NMR and 
infrared absorption spectroscopy (Nujol method) that the 
obtained product has the structural formula noted below. 

X H-NMR (90MHz, CDC1 3 ) 5 (ppm) : 

<data> 

Infrared Absorption Spectra (Nujol, cm" 1 ) 
<data> 

Structural Formula 

<f ormula> 

Working Example 5 

Other than using 1-decanol instead of 1-octanol for raw 
material, it was performed in the same manner as in Working 
Example 1, as a result of which, 642mg of 5-aminolevulinic 
acid decyl ester hydrochlorate was obtained, and the yield 
was 70%. 

It was confirmed from the results of 1 H-NMR and 
infrared absorption spectroscopy (Nujol method) that the 
obtained product has the structural formula noted below. 

"""H-NMR (90MHz, CDC1 3 ) 5 (ppm) : 

<data> 

Infrared Absorption Spectra (Nujol, cm" 1 ) 
<data> 

Unexamined Patent H4-9360(7) 

<data> 

Structural Formula 
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<f ormula> 

Working Example 6 

(1) 500mg of 5 -aminolevulinic acid hydrochlorate and 
650mg of sodium hydrogen carbonate were dissolved in 5ml of 
water, and 5ml of ether and 0.3ml of benzyloxycarbonyl 
chloride were added to this under stirring at room 
temperature. This was stirred for about 2 hours, and after 
the generation of carbon dioxide gas stopped, 0.3ml of 
benzyloxycarbonyl chloride and 32 5mg of sodium carbonate 
were added. (The reason why the reaction was performed in 
two rounds is in order to have the reaction progress 
gradually. ) 

Furthermore, this was stirred for 2 hours, and after 
confirming the generation of carbon dioxide gas and the end 
of the reaction, the water layer was rinsed twice with ether 
and made to pH 1.5 using 6N hydrochloric acid, and then the 
acidic organic substance was extracted with ethyl acetate. 

Anhydrous sodium sulfate was added to the extracted 
layer to adsorb the moisture, and after removing this by 
filtering, the solvent was hardened under reduced pressure, 
the obtained solid was recrystallized with a mixed solvent 
of ethyl acetate and hexane, and 63 0.3mg of a light yellow 
crystal was obtained. 

300mg of the obtained crystal was dissolved in 30ml of 
benzene, and it was subjected to thermal reflux using a 
Dean-Stark apparatus together with 0.088ml of 1-dodecanol 
and 5ml of p-toluene sulfonic acid hydrate, and then the end 
of the reaction was confirmed by thin layer chromatography 
(TLC) after about 3 hours. 

The reaction liquid was rinsed with saturated sodium 
hydrogen carbonate aqueous solution, and next it was rinsed 
with water, then the organic layer was dried using anhydrous 
sodium carbonate, and after removing the sodium carbonate by 
filtering, it was hardened by evaporation under reduced 
pressure, upon which a white crystal was obtained. When 
this crystal was recrystallized with hexane, 370. 3mg of 5- 
benzyloxycarboxamidolevulinic acid dodecyl ester was 
obtained, and the yield was 71% by 5-aminolevulinic acid. 
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It was confirmed from the results of 1 H-NMR and 
infrared absorption spectroscopy (Nujol method) that the 
obtained product has the structural formula noted below. 

X H-NMR (90MHz, CDC1 3 ) 5 (ppm) : 

<data> 

Infrared Absorption Spectra (Nujol, cm" 1 ) 
<data> 

Structural Formula 

<f ormula> 

(2) 3 00mg of the obtained 5- 
benzyloxycarboxamidolevulinic acid dodecyl ester was 
dissolved in 10ml of methanol, 1ml of IN hydrochloric acid 
and lOmg of 5% palladium-on-carbon catalyst were added to 
this, and stirring was performed under a hydrogen atmosphere 
at room temperature . 

After confirming the end of the reaction, the catalyst 
was removed by filtering, and hardening by evaporation was 
performed under reduced pressure. When the obtained crystal 
was recrystallized with ethyl acetate-hexane mixed solvent, 
260. lmg of 5 -aminolevulinic acid dodecyl ester hydrochlorate 
was obtained, and the yield was 94%. 

It was confirmed from the results of 1 H-NMR and 
infrared absorption spectroscopy (Nujol method) that the 
obtained crystal has the structural formula noted below. 

1 H-NMR (90MHz, CDCl 3 ) 5 (ppm) : 

<data> 

Infrared Absorption Spectra (Nujol, cm" 1 ) 
<data> 

Unexamined Patent H4-9360(8) 

<data> 

Structural Formula 
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<f ormula> 

Working Example 7 

Other than using 1-hexadecanol instead of 1-dodecanol, 
it was performed in the same manner as in Working Example 6, 
and 481. 7mg of 5-benzyloxycarboxamidolevulinic acid 
hexadecyl ester was obtained. Next, using 4 00mg of this, 
297. lmg of 5 -aminolevulinic acid hexadecyl ester 
hydrochlorate was obtained. The yields were 87% and 92%, 
respectively. 

It was confirmed from the results of 1 H-NMR and 
infrared absorption spectroscopy (Nujol method) that the 
respective products have the structures noted below. 

5-benzyloxycarboxamidolevulinic acid hexadecyl ester 

X H-NMR (90MHz, CDCl 3 ) 5 (ppm) : 

<data> 

Infrared Absorption Spectra (Nujol, cm" 1 ) 
<data> 

Structural Formula 
<f ormula> 

5 -aminolevulinic acid hexadecyl ester hydrochlorate 

"""H-NMR (90MHz, CDC1 3 ) 5 (ppm) : 

<data> 

Infrared /Absorption Spectra (Nujol, cm" 1 ) 
<data> 

Structural Formula 
<f ormula> 
Test Example 1 
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The 5 -aminolevulinic acid octyl ester hydrochlorate 
obtained in Working Example 1 was dissolved in distilled 
water to 30mmol/l, this was sprinkled on various plants at 
50ml/m 2 , and the results after 4 days were evaluated. Those 
results are shown in Table- 1. 

As is clear from Table-1, the herbicidal activity of 
the 5 -aminolevulinic acid octyl ester hydrochlorate is 
highly selective for dicotyledons. 

Also, the 5-aminolevulinic acid alkyl ester 
hydrochlorates obtained in Working Examples 2-5 and the 5- 
aminolevulinic acid hexyl ester obtained in Working Example 
2 also indicate the same kind of herbicidal activity. 



Table-1 



Withered 


No Effect 


Cucumber 


Rice 


Tomato 


Wheat 


Japanese Mustard Spinach 


Corn 


Carrot 




Radish 





Test Example 2 



A 3 0mmol/l aqueous solution of the 5-aminolevulinic 
acid nonyl ester hydrochlorate obtained in Working Example 4 , 
a 30mmol/l aqueous solution of commercially available 5- 
aminolevulinic acid hydrochlorate, and a mixture of 1% of 
commercially available spreading agent in a 3 0mmol/l aqueous 
solution of commercially available 5-aminolevulinic acid 
hydrochlorate respectively were spread on the upper surfaces 
of the main leaves of young cucumber plants one time each 
using a brush, and then the discoloration of the leaf 
surfaces after one day was evaluated. The results are shown 
in Table-2 . 

As is clear from Table-2, the 5-aminolevulinic acid 
nonyl ester hydrochlorates have superior herbicidal activity 
even when compared with the herbicide with added spreading 
agent of the past . 

Unexamined Patent H4-9360(9) 
Table-2 
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Sample 


Percentage of Leaf Surface 
Discolored (Surface Area) 


5 -aminolevulinic acid nonyl 


95% 


ester hydrochlorate 




5-aminolevulinic acid 


60% 


hydrochlorate 




5-aminolevulinic acid 


80% 


hydrochlorate and spreading 




agent 





Test Example 3 



30mmol/l aqueous solutions of the 5-aminolevulinic acid 
alkyl ester hydrochlorates obtained in Working Examples 1-7 
and a mixture of 1% of commercially available spreading 
agent in a 30mmol/l aqueous solution of commercially 
available 5-aminolevulinic acid hydrochlorate respectively 
were applied on one half of a main leaf of a young cucumber 
plant with a brush, and the progress and condition of 
regeneration after 3 0 days were evaluated. The results are 
shown in Table-3. 

From the results in Table-3, it is clear that although 
the 5-aminolevulinic acid alkyl ester hydrochlorates of the 
present invention have a somewhat delayed effect compared 
with 5-aminolevulinic acid hydrochlorate, they have effect 
on the buds of the plants, and also have an effect of 
inhibiting regrowth and regeneration. 



Table-3 



Evaluation Date 


After 1 


After 3 


After 10 


After 30 




\ 


day 


days 


days 


days 


Sample 












Compound 


Octyl 


A 


D 


D 


E 


(I) 


ester 












Hexyl 


A 


A 


C 


E 




ester 












Heptyl 


A 


D 


D 


E 




ester 












Nonyl 


A 


D 


D 


E 




ester 












Decyl 


A 


D 


D 


E 




ester 












Dodecyl 


A 


D 


D 


E 




ester 












Hexadecyl 


A 


D 


D 


E 
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ester 










5 -aminolevulinic 
acid 


B 


B 


B 


F 



A: treated leaf discolored 

B: treated surface withered 

C: bud discolored 

D: bud withered 

E: growth stopped 

F: regeneration and regrowth 

The 5-aminolevulinic acid alkyl ester and salts thereof 
of the present invention as shown by each working example 
and test example above are extremely useful as herbicidal 
ingredients. Also, they can be used also as surfactants. 

End 
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Applicant: Cosmo Sekiyu K.K. 
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' K-NMR (90MHz. CDC* ,) d (ppm) : 

0. 89 (t, 3H..CHi) 

1. 05-1. 80 (b. 14H. -fCH,-H ) 

2. 45-3. 10(b. 4H, C0CH,CH,C0) 
4. 05 (t. 2H. C00CH,) 

4. 05-4. 60 (b. 2H. COCH.N) 
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ft£ft, K*li70?«-C* -3 fco 

ft £.ftfc4Efcaii 'H-KMRat; ft«^ * ? 
hJU (* a - Jl/ffi) CD£3lfr t-TlSOHiisCT- 
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'H-NMR (90MHz, C0C£ ,) <J (p pn ) : 

0. 87(t. 3H, CH,) 
1.27(s. 18H.-(CH,),-) 

1. 45-1. 80 (b. 2H. -CH,-) 

2. 67(s, 4H, -C0-CHa-CH,-C0-) 

3. 90-4. 25 (m, 4H, N-CHa-, -C00-CH,-) 
5. 15 (s. 2H, Ph-CH,-) 

5. 25-5. 60 (b, 1H, NH) 

7. 36 (s, 5H. Ph) 
*fl-«&iRx-<? t- ju ( s •>' 3 - juj£, ca") 

3310 (NH) 

1725 (5C=0 ) 
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C.H s -CH,-0-C-N-CH 2 -C-CH,-CH,-C-D-(CH,) , ,-CH, 
II I II II 
OHO 0 
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